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(54) Objective lens, reproducing apparatus and reproducing method 



(57) An objective lens, a reproducing apparatus and 
a reproducing nnethod using a single objective lens tor 
a DVD which can also read a CD without adding any 
peripheral member can be obt&ined. In an objective lens 
which is arranged so that a light beam emitted fronn a 
common light source (11) may be focused through a 
common objective lens (8) on respective signal record- 
ed surfaces (la), (2a) of a DVD (2) and a CD (1 ) having 
light transmitting layers (1 c), (2c) of different thickness- 
es, an area of the objective lens (8) for the DVD (2) in a 
range of a numerical aperture NA from 0 to 0.3-0.4 from 
the light axis is worked to form correcting lens surface 
(8a) for con-ecting the aberration caused when reading 
the CD (1) through the objective lens for the DVD (2), 
thereby allowing the CD to be read through the objective 
lens for the DVD. 
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Description 

BACKGROUND 

Field of the Invention: 

The present invention relates to an objective lens, 
a reproducing apparatus and a reproducing method us- 
ing this objective lens which is arranged so that a light 
beam emitted from a common light source may be fo- 
cused through a single lens on respective signal record- 
ed surfaces of at least two optical disks having light 
transmitting layers of different thicknesses for selective- 
ly reproducing the optical disk. 

BACKGROUND OF THE INVENTION: 

In the .past, the compact disk (hereinafter referred 
to as CD) has been widely used as an optical disk which 
is a recording medium for reproducing recorded infor- 
mation using a light beam. Recently, however, new re- 
cording media for digitally reproducing a long video 
record or the like such as the digital video (Versatile ) 
disk (hereinafter referred to as DVD) have been devel- 
oped. 

When digital information is to be read out of a re- 
cording medium using a light beam as described above, 
a laser light beam is irradiated at pits on tracks of the 
recording medium and its reflected light is detected. A 
level of the reflected light is calculated and converted to 
binary data by a reproductive processing unit and the 
like, thereby enabling recorded information to be repro- 
duced. 

FIG. 1 shows an example of a structure of an optical 
head unit for a CD. A laser diode 21 forming a light 
source emits a laser light whose wavelength is 780 nm. 
A grating 22 is arranged to divide one laser light emitted 
from the laser diode 21 into a plurality of (substantially 
three) laser lights, one of these three laser lights being 
used for readout of data and focusing servomechanism, 
and two remaining laser lights being used for tracking 
servomechanism. 

A beam splitter 23 which is a spectroscopic means 
made of transparent parallel plates reflects toward an 
objective lens 24 the laser light which is emitted from 
the laser diode 21 and is Incident thereon through the 
grating 22. The beam splitter further gives an astigma- 
tism to a reflected (converged) light by a CD 100 which 
has returned through the objective lens 24 and makes 
that light to penetrate therethrough to a photodiode 25. 

The objective lens 24 converges the laser light and 
makes it to irradiate on an information recorded layer 
102 of the CD 100 where fine pits are arranged. The 
objective lens 24 further converges the reflected light 
from the information recorded layer 102 of the CD 100 
and makes it incident on the photodiode 25 through the 
beam splitter 23. 

In addition, concerning the objective lens 24, as its 
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numerical aperture (NA) becomes greater, the converg- 
ing angle of light becomes larger, thereby allowing the 
light to be converged on a smaller area. In this example, 
an objective lens having the NA of 0.45 is utilised as the 
s objective lens 24. 

The photodiode 25 is arranged to detect the re- 
turned light of the laser light which is made to irradiate 
on the CD 100 by the laser diode 21. Since the laser 
light is divided into three lights by the grating 22, the 
10 photodiode 25 has also three light receiving parts cor- 
responding thereto. One of these parts of the photodi- 
ode 25 is a light receiving one for receiving the laser 
light which has read data. The remaining two parts 
thereof are utilised to receive the two laser lights for 
tracking and to control the tracking of the objective lens 
24 on the basis of an amount of the received lights so 
that the laser light for reading data may be irradiated on 
a predetermined track. 

The laser light reflected by the Information recorded 
20 layer 1 02 and then being incident on the photodiode 25 
involves an astigmatism because it passes the beam 
splitter 23 as a converging light. The focusing servo op- 
eration will be effected by using this astigmatism. 

The CD 100 as a recording medium comprises the 
2S information recorded layer 102 fonned on a substrate 
1 01 which is a light transmitting layer having a thickness 
t of 1 .2 mm and a protecting film 103 formed on the in- 
formation recorded layer 102. The laser light emitted 
from the laser diode 21 penetrates the transparent sub- 
30 strate 101 and then irradiates the information recorded 
layer 102. The information recorded layer 102 has pits 
corresponding to the recorded information. When the la- 
ser light Irradiates the pits, a diffraction is caused so that 
the intensity of the returned light (the light reflected on 
35 the recording medium and then being Incident on the 
photodiode 25) will be weakened. When the laser light 
Irradiates a portion with no pit, it is Intactly reflected so 
that the intensity of the returned light will be strength- 
ened. The photodiode 25 detects such returned lights 
40 and converts the intensity of the returned lights to binary 
digits "r, "0". Thus, the data recorded on the CD 100 
as the pits are read out. 

In the way described above, the recorded informa- 
tion is read out by making the laser light irradiate the pits 
45 of the CD while performing the tracking servo and the 
focusing servo, and then detecting Its returned light. 

Recently, on the other hand, a DVD 200 with such 
a structure as is shown in FIG. 2 has been proposed. 
While the CD 100 has an information recorded on only 
so one inside surface, DVD 200 has Information recorded 
on two inside surfaces. Particularly, the DVD 200 is 
made of two parts in one part of which an Information 
recorded layer 202 is formed on a substrate 201 and a 
protecting film 203 is formed on the information record- 
55 ed layer 202, and in the other portion of which an infor- 
mation recorded layer 302 is formed on a substrate .301 
and a protecting film 303 is formed on the information 
recorded layer 302. The two parts are secured by joining 
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both the protecting films 203 and 303. 

In the DVD 200, since information is recorded in 
high density, the substrates 201 and 301 are made 
smaller in thickness as compared with that of the CD 
100 in order to alleviate an Influence due to a skew, an s 
error of the substrate's thickness, etc. In other words, 
the substrate 101 of the CD 100 is made to be 1.2 mm 
thick, whereas the substrates 201 and 301 of the DVD 
200 are made to be 0.6 mm thick, respectively. Also, a 
pit length and an interval between pits in the DVD 200 
are made smaller than those of the CD 100. 

Because the recording density of such DVD 200 is 
thus higher than the recording density of the CD 100, a 
laser diode which generates a laser light having shorter 
wave length (635 to 650nm) than that of the laser diode 
21 for the CD is employed as the laser diode 41 of the 
optical head unit for the DVD. Moreover, a grating 42, a 
beam splitter 43, an objective lens 44 and a photodiode 
45 other than the laser diode have the same structure 
as that of the optical head unit for the CD. 

However, because the DVD 200 has a minute pit as 
compared with that of the CD 1 00, an objective lens hav- 
ing a numerical aperture NA which is larger (NA=0.6) 
than that (NA=0.45) of the objective lens 24 for the CD 
100 is used as the objective lens 44 for the DVD 200. 
By using such objective lens 44 whose numerical aper- 
ture is large, it is possible to converge the laser light on 
a smaller area for reading the minute pits. 

As described above, since the structure of the ob- 
jective lens differs between the CD-I 00 and the DVD 
200. it is normally required to employ different optical 
head units in order to read the Information out of the 
recording medium. For example, when the optical head 
unit for the DVD is to be utilised for the CD. an influence 
by the spherical aberration due to a difference between 
thickness of the substrates 1 01 of the CD 1 00 and those 
of the substrates 201 and 301 of the DVD 200 and a 
difference between the numerical apertures will occur. 

For example, when the reproduction is performed 
on a CD having the substrate whose thickness is 1.2 
mm through the objective lens with the numerical aper- 
ture of 0.6 which is optimised for the DVD 200 having 
the substrate whose thickness is 0.6 mm, the spherical 
aberration occurred amounts even to 3.6fim in the fourth 
order Seidel spherical aberration coefficient W40. Ex- 
pressing this by the root mean square (rms), it will be 
0.268 rms.)is (it normalised by wavelength X (=650nm). 
0.412 rms.^-). For such reason, it is generally required 
in the optical disk that the total sum of the root means 
square of the aberrations of all optical systems is less 
than Marechal criterion value 0.07 rms.X. Therefore, it 
is difficult to read data from the CD 100 with the optical 
head unit for the DVD. 

Thus, the applicant of the present invention has pro- 
posed, for example, in Japanese Patent Application No. 
277400/1 994 that the optical head unit for the DVD can 
be applied to the CD by adjusting the NA of the objective 
lens depending on the kind of recording medium which 



4 

is used. 

FIG. 3 and FIG. 4 illustrate the principle of what is 
described above. As is shown in FIGS. 3 and 4, this 
structure further includes a diaphragm 51 , a driver unit 
53 for driving this diaphragm 51 and a discriminating de- 
vice 52 for discriminating the sort of the recording me- 
dium in addition to the structure of the optical head unit 
for the DVD as shown in FIG. 16. 

When the discriminating device 52 discriminates 
the sort 0I the recording medium, and then the driver 
unit 53 works to read the data from the DVD 200 corre- 
spondingly to a resutt of the discrimination, it makes the 
diaphragm 51 widely open so that the NA of the objec- 
tive lens 44 may be 0.6 as shown in FIG. 3. By contrast, 
when reading the data from the CD 100, the drive 53 
makes the diaphragm 51 less widely open so that the 
NA of the objective lens 44 may be 0.45 as shown in 
FIG. 4. In other words, when reading the data from the 
CD 100, it is possible to perform the readout operation 
by reducing the numerical aperture of the objective lens 
44 for alleviating the influence of the spherical aberra- 
tion (W40 is proportional to the fourth power of the nu- 
merical aperture). 

However, if a diaphragm 51 such as described 
above is newly provided, the number of parts of the op- 
tical head unit will then increase to make It expensive 
and the whole apparatus will also become bulky. Fur- 
thermore, since the diaphragm 51 is mechanically op- 
erated, it tends to be affected by vibrations. Besides, the 
mechanically operated diaphragm 51 acts with some 
delay, which raises a problem and may cause a trouble. 

As an alternative means though not shown, an op- 
tical system has been proposed, in which the readout of 
a CD is also ensured by combining a hologram lens with 
the objective lens. In this case, however, there is a prob- 
lem that adding the hologram lens makes the cost in- 
crease and In particular it will be very difficult to control 
the aberration of the optical system. 

SUMMARY OF THE INVENTION 

In view of such aspects, it is an object of the present 
invention to obtain an objective lens, a reproducing ap- 
paratus and a reproducing method using that objective 
lens which is capable of ensuring the readout of a DVD 
as well as a CD through a single lens without adding any 
peripheral member. 

In order to accomplish the above object, the present 
invention provides an objective lens which is arranged 
so that a light beam emitted from a common light source 
may be focused through a common lens on respective 
recorded surfaces of at least two recording media hav- 
ing light transmitting layers of different thicknesses, 
wherein the objective lens is comprised of a single lens 
and is made to have a correcting lens surface for cor- 
recting an aberration caused when reading the record- 
ing media having light transmitting layers of different 
thicknesses. 
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unit tor the CD; 

FIG. 2 is a diagram showing the structure for read- 
ing a DVD by means of the conventional optical 
head unit for the DVD; 
5 FIG. 3 is a diagram showing the structure for read- 
ing the DVD by means of the conventional optical 
head unit common to both the DVD and the CD; 
FIG. 4 is a diagram showing the operation of read- 
ing the CD by means of the same head unit as in 
10 FIG. 3; 

FIG. 5 is a structural block diagram of an optical disk 
reproducing apparatus using an objective lens ac- 
cording to the present invention; 
FIG. 6 Is a structural diagram of the optical head 
1^ unit; 

FIG. 7 is a condensed light diagram showing re- 
spective tracks of a light beam when the light beam 
is condensed on the DVD and without a disk 
through the objective lens having the numerical ap- 
20 erture NA=0.6; 

FIG. 8 is a diagram showing the spherical aberra- 
tion of the light beam occurring when no disk is 
present in FIG. 7; 

FIG. 9 is a condensed light diagram showing traces 
25 of the light beam when the light beam is condensed 
on the DVD and the CD through the objective lens 
having the numerical aperture NA=0.6; 
FIG. 10 is a condensed light diagram showing trac- 
es of the light beam for obtaining the objective lens 
30 according to the present invention; 

FIG. 11 is a diagram showing the spherrcal aberra- 
tion for obtaining the condition of FIG. 10; 
FIG. 12 is a diagrann showing the wavefront aber- 
ration occurring on the central side of the control 
35 optical axis when reading DVD through the objec- 
tive lens for the DVD; 

FIG. 13 is a diagram showing the aberration when 
the light transmitting layer is shifted by 0.6 iurn 
through the objective lens for the DVD; 
40 FIG, 14 is a diagram showing the aberration In an 
almost optimised position under the condition of 
FIG. 13; 

FIG. 15 is a diagram showing the ideal state of zero 
aberration for reading the CD through the objective 
45 lens for the DVD; 

FIG. 16 is an appearance perspective view of the 
objective lens according to the present invention; 
and 

FIG. 17 is a diagram showing the operation of read- 
so ing the DVD and the CD using the objective lens 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 
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The present invention also provides a reproducing 
apparatus comprising an optical head unit for making a 
light beam irradiate respective signal recorded surfaces 
of at least two recording media having light transmitting 
layers of different thicknesses from light incident surfac- 
es to the signal recorded surfaces and then converting 
the reflected lights thereof to an electric signal, and a 
reproductive processing unit for reproducing informa- 
tion signals recorded on the signal recorded surfaces 
depending on the electric signal, wherein the optical 
head unit includes a light source for emitting a common 
light beam, a spectroscopic means for splitting the light 
beam by reflection and penetration, an objective lens in 
which a common lens for focusing the common light 
beam reflected by the optical splitter means on the re- 
spective signal recorded surfaces of at least two record- 
ing media having light transmitting layers of different 
thicknesses is formed on one lens and which has a cor- 
recting lens surface tor correcting an aberration caused 
when reading the recording media having the light trans- 
mitting layers of different thicknesses, and a photo de- 
tector means for receiving the lights reflected from the 
respective signal recorded surfaces of at least two re- 
cording media and penetrating the optical splitter means 
to convert the same to an etectric signal, in which the 
reproductive processing unit is arranged to process for 
reproducing the electric signal in dependence on the re- 
flected light detected by the photo detector means for 
the respective signal recorded surfaces of the recording 
media. 

Moreover, the present invention provides a repro- 
ducing method comprising the steps of converting a light 
beam to irradiate the respective signal recorded surfac- 
es of at least two recording media having light transmit- 
ting layers of different thicknesses from the light incident 
surface to the signal recorded surfaces through a single 
common lens, converting its reflected light to an electric 
signal, and reproducing information signal recorded on 
the signal recorded surfaces depending on the electric 
signal, wherein a lens which makes the light beam to 
irradiate the respective signal recorded surfaces of the 
recording media is formed of a single lens, an objective 
lens is used which has a correcting lens surface for cor- 
recting an aberration caused when reading the record- 
ing media having the light transmitting layers of different 
thicknesses, the signal recorded surface of the record- 
ing medium having the light transmitting layer of a thin 
thickness being read with a light beam condensed 
through the whole surface of the objective lens, whereas 
the signal recorded surface of the recording medium 
having the light transmitting layer of a thicker thickness 
being read with a light beam condensed through the cor- 
recting lens surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing the structure for read- 
ing a CD by means of the conventional optical head 



An embodiment of the objective lens, the reproduc- 
ing apparatus and the reproducing method according to 
the present invention will be described below by taking 
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an example which enables a CD to be read using an 
optical head unit for a DVD 1 with reference to the ac- 
companying drawings. 

FIG. 5 shows an example of the configuration of the 
optical disk reproducing apparatus in which an optical 5 
disk comprises two optical disks having respective light 
transmitting layers of different thicknesses, namely, a 
CD 1 and a DVD 2 haying their signal recorded surfaces 
la and 2a, respectively. 

The thickness of a light transmitting layer 1c of CD 
1 from a light incident surface 1 b to the signal recorded 
surface la is t^ which is greater than a thickness tg of a 
light transmitting layer 2c of the DVD 2 from Its light in- 
cident surface 2b to the signal recorded surface 2a. In 
this case, the thickness t^ is 1 .2 mm and the thickness 
t2 is 0.6 mm, for example. 

Specifically, the optical disk reproducing apparatus 
comprises an optical head unit 3 for making a light 
beam, e.g. of 650nm wave length irradiate the signal re- 
corded surface la or 2a through the light transmitting lay- 
er 1c or 2c having different thickness t-, or X2 and con- 
verting the reflected light from the CD 1 or the DVD 2 to 
an electric signal, and a reproductive processing unit 4 
for reproducing the information signal recorded on the 
signal recorded surface la or 2a depending on the elec- 
tric signal derived by the optical head unit 3. 

The reproductive processing unit 4 performs a cal- 
culation processing on the electric signal detected by 
the optical head unit 3 and generates reproduced sig- 
nals such as an RF signal, a tracking error-;^lgnal. a fo- 
cusing error signal and so on. Regarding the RF signal, 
EFM demodulation, CIRC decoding, etc. are carried out 
on the RF signal to obtain reproduced digital data. In 
addition, for an optical disk having such a diameter of 
64 mm, audio compression decoding or the like will fur- 
ther be performed to obtain the reproduced digital data. 
The reproduced digital data output from the reproduc- 
tive processing unit 4 Is converted to analogue audio 
data of L and R channels by a digital to analogue (D/A) 
converter 5 which are then output from an output termi- 
nal 6. 

The tracking error signal and the focusing error sig- 
nal are supplied to a servo circuit 7. The servo circuit 7 
carries out according to these signals a tracking error 
control, a focusing error control and a sled control. Spe- 
cifically, by supplying a focus driving signal to a two-axis 
mechanism 9 holding an objective lens 8 in the optical 
head unit 3, the objective lens 8 is driven to move in a 
direction approaching or leaving the optical disk 1 or 2 
for performing the focusing control. Furthermore, a sled 
driving signal is generated by extracting a low frequency 
band component of the tracking error signal for driving 
a sled mechanism, thereby causing the entire optical 
head unit 3 to be moved in a radius direction of the op- 
tical disk 1 or 2. 

Moreover, the reproductive processing unit 4 gen- 
erates a spindle error signal from a clock derived by sup- 
plying the reproduced data into a PLL circuit. This spin- 
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die error signal is supplied to the servo circuit 7 which 
controls a rotation of a spindle motor 1 0 to be kept at a 
constant speed (CLV). 

In this case, as shown in FIG. 2, the optical head 
unit 3 comprises a light source 11 such as a laser diode 
for emitting a common light beam (wave length=650nm) 
onto the signal recorded surface la or 2a of the CD 1 
or DVD 2, a beam splitter 1 3 for receiving the light beam 
emitted from the light source 11 through a grating 12 and 
splitting the light beam by making it penetrate and re- 
flect, the objective lens 8 for focusing the light beam re- 
flected by the beam splitter 13 on the recorded surface 
la or 2a of the CD 1 or DVD 2, and a photo detector 16 
such as a photodiode for receiving the reflected light 
from the signal recorded surface la or 2a through the 
beam splitter 13 and converting it to an electric signal. 

Now, the objective lens 8 which is capable of focus- 
ing the light beam on the signal recorded surface la or 
2a of the CD 1 or DVD 2 will be described below in detail. 

First of all, a process for obtaining the optimum ob- 
jective lens which enables the light beam to be focused 
on the signal recorded surface la or 2a of the CD 1 or 
DVD 2 will be described. 

FIG. 7 is a graph which shows traces of the light 
beam under a condition that the light beam of 650nm 
wave length is emitted to the DVD 2 having the light 
transmitting layer 2c of 0.6 mm thickness from the light 
incident surface 2b to the signal recorded surface 2a 
through an objective lens having the numerical aperture 
NA of 0.6 (NA is divided at an inten/al of 0.1 each) and 
traces of the light beam under a similar condition except 
that the DVD 2 is not present each half side of the re- 
spective traces with respect to an optical axis L being 
shown. 

It can be seen from these traces that the light beam 
penetrating the DVD 2 focuses on the optical axis L on 
the signal recorded surface 2a, thereby enabling the sig- 
nal recorded surface 2a of the DVD 2 to be read, where- 
as in a condition that the DVD 2 is not present the light 
beam is short-focused over the range of 50rn due to the 
spherical aberration (proportional to the square of the 
numerical aperture NA). The state of the spherical ab- 
erration at this time is shown in FIG, 8. 

On the other hand, FIG. 9 Is a graph which shows 
under the condition similar to obtain the traces of the 
light beam when the light beam of 650nm wave length 
is emitted to the DVD 2 having the light transmitting layer 
2c of 0.6 mm thickness from the light incident surface 
2b to the signal recorded surface 2a through the objec- 
tive lens having the numerical aperture NA of 0.6 (NA is 
divided at an interval of 0. 1 each), traces of the light 
beam under a condition that the light beam of 650nm 
wave length is emitted to the CD 1 having the light trans- 
mitting layer Ic of 1 .2 mm thickness from the light inci- 
dent surface 1 b to the signal recorded surface la through 
the objective lens having the numerical aperture NA of 
0.6, each half side of the respective traces with respect 
to the optical axis L being shown. 
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In this case, the light beam is not condensed on the 
signal recorded surface la of the CD 1 and the spherical 
aberration of the inverse direction to FIG. 8 occurs in the 
rear side of the signal recorded surface 1 a, thus making 
it impossible to read the signal recorded surface la of 
the CD 1. 

Thus, the present invention addresses attention to 
the point that it would be possible to focus the light beam 
on the respective signal recorded surfaces 2a and la of 
the DVD 2 and the CD 1 through a single objective lens 
for reading, if the objective lens is designed so as to 
cause the spherical aberration as shown in FIG. 11 at 
both the light condensed position of the DVD 2 and the 
light condensed position of the CD 1 shown in FIG. 10 
showing the traces of the light beam. 

Specifically, in case of the DVD 2, the readout of the 
signal recorded surface 2a is performed by using the 
light beam condensed through the whole lens surface 
of the objective lens, and at this time it is arranged so 
that the spherical aberration may occur within the range 
of about 1 7|am in the rear side from the focused point 
when the NA is on the center side from 0.35, Also, in 
case of the CD 1 , the readout of the signal recorded sur- 
face la is performed by using the light beam condensed 
through the central portion of the objective lens where 
the NA is in the range of 0 to 0.35, and at this time it is 
arranged so that the spherical aberration may occur 
within the range of about 33}jm in the rear side from the 
focused point when the NA is in the range of 0.35 to 0.6. 

The wavefront aberration which is thus caused 
when the light beam is in focus on the signal recorded 
surface 2a of the DVD 2 is shown in FIG. 12. From this 
it is understandable that in the readout of the DVD 2 the 
light beam in the range of NA 0.35 to 0.6 is surely in 
focus. Moreover, the wavefront aberration which occurs 
in the range of about NA 0.35 from the center having no 
relation to the readout of the DVD 2 is a small value of 
about 1/6X.and so it will cause no affect on reading the 
DVD 2. 

On the other hand, a wavefront aberration W when 
the light beam is focused on the signal recorded surface 
la of the CD 1 , in other words, when the thickness of the 
light transmitting layer is shifted by 0.6 mm is shown in 
FIG. 1 3. Here, a-, is a spherical aberration (NA"*) propor- 
tional to the fourth power of the NA and 32 is a spherical 
aberration (NA^) when defocused. A wavefront by sub- 
tracting the aberration 82 of a defocused amount from 
the wavefront a^ is the wavefront aberration W de- 
scribed above. However, at this position, it is impossible 
to read the signal recorded surface la of the CD 1 be- 
cause a large wavefront aberration W occurs. 

It is found that the optimum focused position to read 
the CD 1 exists at this side (at a position of about 1 7|j.m) 
from the positbn where the wavefront aberration w oc- 
curs. In other words, by subtracting the defocus amount 
of 1/3Xfrom the spherical aberration ai (NA^), it is found 
that there exists a wavefront viewed from the Gaussian 
imaging place as is shown in FIG. 14. 



This wavefront has very small wavefront in the 
range of NA 0 to 0.35, so that it is possible to read the 
signal recorded surface la of the CD1. By making the 
wavefront to be flat in order to further optimise as shown 
5 in FIG. 15, it is possible to perform the ideal readout. 

Specifically, in order to make flat in the range of 
about NA=0 to 0.35 as shown in FIG. 15, the lens sur- 
face of the objective lens can be worked so that the 
wavefront shown in FIG. 14 may be corrected. 

10 Assuming here that a refraction index n of the lens 
is equal to 1 .5, the phase will be shifted by n-1/n. In other 
words, the wavefront is shifted by 0.5/1 .5=1/3.At- There- 
fore, it will be sufficient to work the lens surface of the 
objective lens into a correcting lens surface 8a whose 

^5 wavefront is made deeper three times X/2 relatively to 
the wavefront shown in FIG. 14. A shape of the lens sur- 
face of the objective lens 8 worked in this manner is 
shown in FIG. 16. 

In this way, according to the present invention, it is 

20 possible to read the signal recorded surface 2a of the 
DVD 2 as well as the signal recorded surface la of the 
CD 1 using the objective lens 8 having the correcting 
lens surface 8a for the DVD, as is shown in FIG. 17. 
In addition, when reading the signal recorded sur- 

25 face la of the CD 1 using the objective lens for the DVD, 
since the light transmitting layer of the CD 1 is thicker 
than that of the DVD 2 by 0.6 mm, it is necessary to bring 
the objective lens close to the CD 1 due to the affect of 
the refraction index of the lens. That is to say, assuming 

30 the refraction index n of the lens is 1.5, bringing close 
by 0.6/1 .5=0.4 mm allows the CD 1 to be read. Accord- 
ingly, the optical head unit having the objective lens 
comprises a driving mechanism not shown which is 
movable in the direction of the optical axis by 0.4 mm. 

35 Having described the referred embodiment of the 
present invention in which the correcting lens surface 
8a of the objective lens 8 is formed on the lens surface 
facing the recording medium, it is also possible to obtain 
the same effect as described above by forming the cor- 

40 recting lens surface on the opposite side of the lens sur- 
face to the recording medium or on both lens surfaces. 

Moreover, having described the embodiment in 
which the objective lens can read both of the signal re- 
corded surfaces of the DVD and the CD, the present 

45 Invention is widely also applicable to Other objective lens 
which reads a plurality of recording media having the 
light transmitting layers of different thicknesses. 

Furthermore, the present invention can be applied 
as the objective lens when reproducing from a recording 

50 medium other than a disk. 

As descnbed above, the objective lens according to 
the present invention is made of a single lens member 
and is arranged to have the correcting lens surface for 
correcting the aberration caused when reading the re- 

55 cording media having the light transmitting layers of dif- 
ferent thicknesses, so that it is possible to focus the light 
beam on the signal recorded surfaces of the recording 
media having the light transmitting layers of different 
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thicknesses through a single objective lens tor ensuring 
the readout and since there is not need to add any new 
component to the peripheral portion of the objective 
lens, it is easy to control the aberration of the optical 
system. 

Moreover, the reproducing apparatus according to 
the present invention comprises the light source for 
emitting a common light beam, the optical splitter means 
for splitting the light beam by reflection and penetration, 
the objective lens which is a common lens for focusing 
the common light beam reflected by the optical splitter 
means on the respective signal recorded surfaces of at 
least two recording media having the light transmitting 
layers of different thicknesses and which has a correct- 
ing lens surface for correcting the aberration caused is 
when reading the recording media having the light trans- 
mitting layers of different thicknesses by the lens, and 
the photo detector means for receiving the light which 
is reflected from the respective signal recorded surfaces 
of at least two recording media and penetrates the op- 20 
tical splitter means, wherein the reproductive process- 
ing unit is arranged to process for reproducing the elec- 
tric signal in dependence on the reflected light detected 
by the photo detector means Irom the respective signal 
recorded surfaces of the recording media, so that it is 2S 
possible to focus the light beam on the signal recorded 
surfaces of the recording media having the light trans- 
mitting layers of different thicknesses through a single 
objective lens thereby ensuring the readout.^ which 
makes it in turn to be a highly reliable reproducing ap- 30 
paratus. Also, it is possible to realize miniaturising the 
apparatus and lowering its costs. 

Furthermore, the reproducing method according to 
the present invention uses the objective lens having the 
correcting lens surface for correcting th^ aberration 55 
caused when reading the recording media having the 
light transmitting layers of different thicknesses, as the 
lens for making the light beam to be focused on the re- 
spective signal recorded surfaces of the recording me- 
dia, for the recording medium having the light transmit- 40 
ting layer of small thickness, the signal recorded surface 
being read by the light beam condensed through the 
whole surface of the objective lens, while for the record- 
ing medium having the light transmitting layer of large 
thickness, the signal recorded surface thereof being 
read by the light beam condensed through the correct- 
ing lens surface, so that it is possible for the light beams 
having different focal distances to be focused on the re- 
spective signal recorded surfaces of at least two record- 
ing media having the light transmitting layers of different so 
thicknesses, thereby allowing the signal recorded sur- 
faces of the recording media having the light transmit- 
ting layers of different thickness to be surely readout. 

Having described a preferred embodiment of the 
present invention with reference to the accompanying ss 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiment 
and that various changes and modifications can be ef- 



fected therein by one skilled in the art. 



Claims 

1. An objective lens which is arranged so that a light 
beam emitted from a common light source (11 ) may 
be focused through a common lens (8) on respec- 
tive signal recording surfaces (1 a, 2a) of at least two 
recording media (1, 2) having light transmitting lay- 
ers of different thicknesses (t^ , tg), comprising: 

a signal lens- member (8) which forms said ob- 
jective lens and has a correcting lens surface 
(Ba) for correcting an aberration caused when 
reading the recording media (1, 2) having light 
transmitting layers (lc, 2c) of different thick- 
nesses, on at least one of lens surfaces of said 
objective lens. 

2. An objective lens according to Claim 1 , wherein the 
respective thicknesses (t^, tg) of said light transmit- 
ting layers (1c, 2c) are 1 .2 mm and 0.6 mm, and the 
aberration occurring when reading the signal re- 
corded surface (la) of the recording medium (1) 
having the light transmitting layer of 1 .2 mm in thick- 
ness through an objective lens (8) for reading the 
signal recorded surface (2a) of the recording medi- 
um (2) having the light transmitting layer of 0.6 mm 
in thickness is corrected by the correcting lens sur- 
face (Ba). 

3. An objective lens according to Claim 1, wherein 
when said objective lens (8) has a numerical aper- 
ture NA of 0.6, a numerical aperture NA of said cor- 
recting lens surface (8a) is in a range from zero to 
0.3-0..4. 

4. A reproducing apparatus comprising: 

an optical head unit (3) for making a. light beam 
to irradiate respective signal recorded surfaces 
(1 a, 2a) of at least two recording media (1 , 2) 
having light transmitting layers (1c, 2c) of dif- 
ferent thicknesses (t^, tg) from the light incident 
surfaces (lb, 2b) to signal recorded surfaces 
(la, 2a) and then converting a reflected light 
therefrom to an electric signal; and 
a reproductive processing unit (4) for reproduc- 
ing information signals recorded on said signal 
recorded surfaces (la, 2a) depending on the 
electric signal, wherein said optical head unit 
(3) comprises a light source (11 ) for emitting a 
common light beam, an optical splitter means 
(1 3) for splitting said light beam by reflection 
and penetration, an objective lens (8) which is 
a common lens for focusing the common light 
beam reflected by said optical splitter means 
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(13) on respective signal recorded surfaces 
(la, 2a) of at least two recording media (1. 2) 
and has a correcting lens surface (8a) on at 
least one of the its lens surfaces for correcting 
an aberration caused when reading the record- s 
ing media (1, 2) having the light transmitting 
layers (1c, 2c) of different thickness, and a light 
detector means (1 6) for receiving light reflected 
from the respective signal recorded surfaces 
(1a, 2a) of said at least two recording media (1 , io 
2) and penetrating the optical splitter means 
(13) to convert the same to an electric signal, 
and wherein said reproductive processing unit 
(4) is arranged to process for reproducing the 
electric signal in accordance with the reflected is 
light detected by said light detector means (16) 
from the respective signal recorded surfaces 
(la, 2a) of the recording media (1, 2). 



cording media having said light transmission layers 
whose thicknesses are 1 .2 mm and 0.6 mm, respec- 
tively, and when reading a recording medium (1) 
having the light transmitting layer (1c) of larger 
thickness, said objective lens (8) is made closer to 
read by an amount of a different reflective index of 
the light transmitting layer. 



5. A reproducing apparatus according to Claim 4, 20 
wherein said at least two recording media (1,2) are 
recording media having said light transmission lay- 
ers (1c, 2c) whose thicknesses are 1 .2 mm and 0.6 
mm, respectively. 

25 

6. A reproducing method of focusing a light beam to 
irradiate respective signal recorded surfaces (la, 
2a) of at least two recording media (1 , 2) having light 
transmitting layers (1c, 2c) of different thicknesses 
from light incident surfaces (1 b, 2b) to the signal re- 30 
corded surface (la, 2a) through a single common 
lens (8), converting its reflected light to an electric 
signal, and reproducing information signal recorded 

on signal recorded surfaces (la, 2a) in accordance 
with said electric signal, comprising the steps of: 3S 



employing as a lens (8) for irradiating a light 
beam on said respective signal recording sur- 
faces (1a, 2a) of said recording media (1 , 2) an 
objective lens having a correcting lens surface 40 
(8a) on at least one of its lens surfaces for cor- 
recting an aberration caused when recording 
media (1.2) having light transmitting layers (1 c, 
2c) of different thickness are read; 
reading a signal recorded surface (2a) of the ^5 
recording medium (2) having a light transmit- 
ting layer (2c) of smaller thickness with a light 
beam condensed through the whole surface of 
said objective lens; and 

reading a signal recorded surface (la) of a re- 50 
cording medium (1) having a light transmitting 
layer (1 c) of largerthickness with the light beam 
condensed through the correcting lens surface 
(8a). 

55 

7. A reproducing method according to Claim 6, where- 
in said recording media (1 , 2) having light transmit- 
ting layers (1c, 2c) of different thicknesses are re- 
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FIG. 2 
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(57) An objective lens, a reproducing apparatus and 
a reproducing method using a single objective lens for 
a DVD which can also read a CD without adding any 
peripheral member can be obtained. In an objective lens 
which is arranged so that a light beam emitted from a 
common light source (11) may be focused through a 
common objective lens (8) on respective signal record- 
ed surfaces (la), (2a) of a DVD (2) and a CD (1) having 
light transmitting layers (1c). (2c) of different thickness- 
es, an area of the objective lens (8) for the DVD (2) in a 
range of a numerical aperture NA from 0 to 0.3-0.4 from 
the light axis is worked to form correcting lens surface 
(8a) for correcting the aberration caused when reading 
the CD (1) through the objective lens for the DVD (2). 
thereby allowing the CD to be read through the objective 
lens for the DVD. 
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(57) An objective lens, a reproducing apparatus and 
a reproducing method using a single objective lens for 
a DVD which can also read a CD without adding any 
peripheral member can be obtained. In an objective lens 
which is arranged so that a light beam emitted from a 
common light source (11) may be focused through a 
common objective lens (8) on respective signal record- 
ed surfaces (la), (2a) of a DVD (2) and a CD (1 ) having 
light transmitting layers (1c). (2c) of different thickness- 
es, an area of the objective lens (8) for the DVD (2) in a 
range of a numerical aperture NA from 0 to 0.3-0.4 from 
the light axis is worked to form correcting lens surface 
(8a) for correcting the aberration caused when reading 
the CD (1) through the objective lens for the DVD (2), 
thereby allowing the CD to be read through the objective 
lens for the DVD. 
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